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What is claimed is: 

1 . a method for increasing the electe d substi- 

comprising substituting an am no = slt . having phi 

— o£ f ph h ; : 

and psi backbone or in t he range of phi - 

‘ 40 ° t0 Ten psi - 120° to 180“ and capable of 

-40° to -95 when psi tfithout disruption of the three- 

accomodating said amino aci ^ that introduction of 

dimensional ° he conf igurational entropy of 

said amino acid decreases we 

unfolding of said protein. 

. , . claim i wherein said preselected substitu- 

2 . The method of Cla ^ exoept proline an d the 

tion site is any amin la proline, and said method 

amino ““ intr r t determining the phi and psi 

further comprises th P t he amino acid sequence of 

values of the amino acid rest of said pro line 

the protein immediately value of t he preceding 

substitution, sue 0 « and -90° then the substitu- 

amino acid residue “ ^ values in the range of phi 
tion site must have phi a P ^ if the psi value of 

= -40" to -90° when psi - 0 between 0" and -90° 

the preceding amino ““ r “‘ d “ ^ and psl values either 

the the substitution^ ; ay have P^ ^ _ q „ t<> or 

in the range of pi _ , 95 . wh en psi - 120 ' to 180°. 

in the range of phi 4 

. a „ f cl ai m l wherein said preselected substitu- 
3. The method of Cla residue and the amino acid 

tion site is a g y having a B carbon atom or 

introduced is any amino 

branched B carbon atom. 

V Increasing the stability of a protein 

coraprts'ing^subs t i tut i ng a glycine amino acid residue having a 
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negative phi angle with an alanine to decrease the configura- 
tional entropy of unfolding of the protein. 

5 A method for selecting substitution sites suitable for 

’ ■ r »minb acids in a protein such that introduc 

introduction of amino acias in « p 

tion of said amino acids increases the stability 

tein, comprising the steps of i 

a) determining from the crystallographic structure »* • 
protein the backbone conformational angles phi and psi 

protein; 

b) screening said phi and psi angles determined in 

i m a) to identify potential substitution sites in said pro- 

te n having conformational phi and psi angles in the range of 
texn naviuy in h range of 

- -40° to -90° When psi = 0 to -60 , or 

plu ■ a , . _ ,-jno tQ i go 0 for introduction of 

phi - -40° to -95° when psi - 120 toiou 

said amino acids; and 

C) examining a structural model of the protein to _ 

determine from the potential substitution s tes ^ent'f led in 

• . • -* foe t-hat will accomodate substitution 

.4. po k) substitution sites tnac wiii auv - , 

of an amino acid vithout disruption of the three-drmensrona 
structure of the protein, whereby substitution of ..id subst 
tution site results in a decrease in the configurational 
entropy of unfolding of the protein. 

6. The method of Claim 5 wherein the amino acid to ^ sub- 
stituted into said substitution site is proline, and P 

of screening of step b) comprises the additional substep of 
determining whether the amino acid residue P-cedrng th 
potential substitution site identified in step b has ps 

Lies between 0' and -90% and if so then the step c) of 

• *eo« t-he substep of determining a substitution 

examining comprises the substep 

site having phi and psi angles in the range phi - -«0 to 
whan nsi = 0° to -60°. 
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V •„««„«, IS rnMainosus ), xylose 

7 . c»T-p p*omycftS rubigi no position in 

miifpin having a change in at least p 
isomerase mutem having oosition equivalent to a 

the native amino "^“ected from the group consisting 

native ammo a Histidin e 54 , Histidine 220 , 

of Lysinel83' y 289 Tryptophanig, Tryptophan! 37 , 

Methionine 223 . Glycine 197 , 

Phenylalan.ne^. «n«’. n6248i Glycine2g8 , Gly=ine 305 , 

Glycine^. Le Line 15 Alaninejg, Alanine 33 , Asparagine 107 , 
Gly= 1 ne 369 , « Valine 151 , Glycine 189 , 

Arginme 109 , Glyc Argininejcq, Threonine 342 , Arginine 354 , 
Glutanuc 207^ acia Arg inine 32 , Serine 64 , Valine 216 , 

Glycine 389 , Asp 2 ® Aspartic a=id 9 . Glutamine 21 , 

Arginine 292 , lc ac ia 38 , Leucine 46 , Aspartic 

Lucinecfl, Valine 127 , Threomne 133 , Alanme 136 , 
acidgg, Leucine5Q, iz/ rpucinenm 

- Arginine 177 , Is Ol eucine 180 . 6 , 

A.par^ in e a2 7. Le u=ine 335 , 

Arginine 28 4, Arginm 308' 3 Leucine-jo^r Glutamine 21 , 

valine 362 , Methionine 370 , Leucin^ 75; * eMin £«; 

it* Asoaragine 107 , Asparagme 185 , Aspar g 2 27 
Asparagine 92 , * A S paragine 309 , Glutamine 377 , 

Glutamine 234 , »« Phe nylalanine 320 , «istidine 382 , 

Tryptophan 270 , y 146 Glvcine, s9 , Glutamic acid 144 . 

Glutamic acid 337 , Arginme 109 , Glyc 189 in 

M Glutamic acid ia6 ; Glutamic acid 141 , 

57 ' . . . . Araininei nni and Aspartic acid 345 . 

Aspartic acid 287 ; Argin.ine 177 , 

. nn8US xylose isomerase mutein of Claim 7 
8 . The S- . rnbiqinos u^ y amin0 acid residue eguiva- 

wherein the change is ^ subst itution by an amino 

lent to Lys 183 and said g , , { Arq Gin, Asn, Asp, 

acid selected from the group —sting of Arg ^ 

Glu, Ser, Thr, His, Tyr, Ala, Va , eu 




WO 89/01520 


.1 12 


PCT/US88/02765 


the change is in the lysine amino acid residue equivalent 
. — q q and said change is substitutxon by an amxno acid 

selected from the group, consisting of Arg, Gin, Asn, Asp, Glu, 


Ser Thr, His 


Tvr » Ala, Val, Leu and I Is ; or 


the change is in the histidine amino acid residue equiva- 
lent to His 54 and said change is substitution by an amino acid 
selected from the group consisting of Gin, Glu, Asn, Asp, Ser, 

Thr, Ala, Val, and Tyr? or 


the change is in the histidine amino acid residue equiva- 
lent to His 22 o and said chan 9 e is substitution by an amino 
acid selected from the group consisting of Gin, Glu, Asn, Asp, 
Ser, Thr, Ala, Val, and Tyr; or 

the change is in the methionine amino acid residue equiv- 
alent to Met 2 23 an< ^ said change is subs i tut ion by an amino 
acid selected from the group consisting of Gly, Ala, Val, Leu, 
He, Phe, Tyr, Gin, and Asn; or 


the change is in the arginine amino acid residue equiva- 
lent to Arg 140 and said change is substitution by an amino 
acid selected from the group consisting of Gin, Asn, Glu., Asp, 
lie, Leu, Ala, Val, and Tyr; or 

the change is in the tryptophan amino acid residue equxv- 
alent to Trp^g and said change is substitution by an amino 
acid selected from the group consisting of Asn, Gin, Ser, Thr, 
Gly, Ala, Val, Leu, lie, Tyr, Phe, and His; or 

the change is in the tryptophan amino acid residue equiv- 
alent to Trp 137 and said change is substitution by an amino 
acid selected from the group cpnsisting of Asn, Gin, Ser, Thr, 
Gly, Ala, Val, Leu, He, Tyr, Phe, and His; or 


I - — 
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«" change i» 

amim^acid Elected fro. the group consisting of Thr, Ser, 

His, val, Gly, Ala, He, Leu, Asn, and Gin; or 

the change is substitution of the glycine amino acid res- 

v j«. cpiected from the group 

idue equivalent to 61y * * e 219> 231 , 248 , 298, 306 

consisting of residues 146/ 1 9 * # . A . v. or 

and 369, and said Gly substituted with an ammo aci 

than glycine; or 

the change is substitution by proline in the amino acid 
tne cna g t residue selected from the 

residue equivalent to an amino acid 

group consisting of Leu 15 , Asp 28 , Ala 29 , Arg 32 , Ala 33 . Ser 64 , 

A sn 10 , ' ^109- «T1«*' TT 2 ' Glyf’’ 

Val", Ue 252 , Arg 299 , Arg 292 , Thr 342 , Arg 354 , Gly 389 , 

Arg 177 , and ASP 345 ? or 

the change is double substitutions of ^ 

amino acid residues equivalent to pairs of amino ac 
selected from the group consisting of Trp 270 146 ’ 

Ph e 320 and His 382 , Glu 337 and "*1B9 £ 1 144 ' and/or 

Gly 251 and Gly 225 , Ala 336 and Val 98 , Gln 249 Giy 219 , 

G1u 2 q 7 and As Pl63 ? or 

• . • +vrnq ine in the 3 Hiino acid 

the change is substitution by y , 

am inn acid residue selected from the 
residues equivalent to an amino acid resi 

group consisting of Asp 9 , Gln 21 , Ala 29 , Arg 32 , Glu 38 , Leu 
Asp" Leu 88 , val 127 , Thr 133 , Ala 136 , Arg 177 , H.180- Leu 193 , 

Leu 211 , Asn 227 , Gln 234 , Ala 238 , Leu 246 , £>»«- 308 - ^ 

Leu 311 , Arg 316 , Leu 335 , Val 362 , Het 370 , Leu 375 383 

the change is substitution by phenylalanine in the amino 
acid residue equivalent to an amino acid res idue selecte 
the group consisting of Leu 46 , Asp 56 , Leu 58 , Thr 333 , 136- 

Ueinn- Leu 193 , Leu 211 , Asn 227 , Gln 234 , Ala 238 , Leu 246 , 
Leu 3 8 H- Leu 1 ”, val 362 , Met 370 , Leu 375 and Leu 383 ; or 
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the change is substitution by tryptophan in the amino 

• or 

acid residue equivalent to Asn227' 

the change is substitution by an amino acid residue 
selected from the group consisting of Ala, Val, Leu, lie, Ser, 
Thr, His, Tyr, Lys, Arg, Met and Pro m the amino acid resi u 
equivalent to an amino acid residue selected from the group 
consisting of Gln 21 , Asn 92 , Asn 107 , Asn 185 , Asn 227 , Gln 234 , 
Gln 256 , Asn 309 , and Gln 377 ; or 

the change is in the aspartic acid amino acid residue 
equivalent to Asp 57 and said change is substitution by an 
amino acid selected from the group consisting of Lys, Arg, 

Gly, Ala, Gin, Asn, Thr and Ser? or 

the change is in the glutamic acid amino acid residue 
equivalent to Glu 186 and said change is substitution by an 
amino acid selected from the group consisting of Lys, Arg, 

Gly, Ala, Gin, Asn, Thr and Ser; or 

the change is substitution of the aspartic acid amino 
acid residue equivalent to Asp 57 and said substitution is vith 
an amino acid other than aspartic acid or glutamic acid; or 

the change is substitution in the glutamic acid amino 
acid residue equivalent to Glu 186 and said change is substitu- 
tion by an amino acid other than aspartic acid or glutamic 

acid; or 

the change is substitution by glutamine in the glutamic 
acid amino acid residue equivalent to Glu 22 i* or 

the change is substitution by glutamine in the glutamic 
acid amino acid residue equivalent to Glu ul . 
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9 A nucleic acid encoding the xylose isomerase of Cam 
I; 3 said nucleic acid being substantially free of - ^ c 
acid that does not encode the xylose isomerase of Cla 

8. 

in An expression vector for mutant procaryotic xylose 

10. An e p , the nuc ieic acid of Claim 9 operably 

isomerase which comprises 

linked to control sequences compatible with a host cell. 

11 A method for enhancing the conversion of glucose to 
fructose and xylose to xylulose which comprises exposing an 

. r 4 .u,a vvinse isomerase mutem of Claim / 
effective amount of tne xylose lsomc* 

8 to glucose and xylose, respectively. 

12 The xylose isomerase mutein of Claim 7 wherein the 

12. The xyios exhibits a change in one or more of 

expressed xylose isomerase exniDirs ^ . k . K 

the characteristics of chemical stability, ca t £ ' cat x ' S ' P 

temperature stability, specific activity and a lowered pH 
optimum of the isomerase, as compared to the reference xy 

isomerase. 
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_ . rrOTOGACCGTCGCCTOG 

rAGCCCACCCCCGAGGACAGGTTCACCn . v a x G 1 yT t p 

..XGAACTACCAOCCCAC 

. ^■“ T? ' 01OP '“ Th ' " -^OCOCCCTCGACCCGOTCGAOTCGOTG 

61 P teGLySeTSelA5P rrTGTrCACCCACCCGGTGTTCAAG 

- 

“.COOCGOCTT A, 1 A.pAr ! A. P V. 1 Ar ! Ar ! T7.M 

101 A^ 01jOl7Pk ^.cctatgtggcctog^gg 0 ^ 

Ml AxlA.pUeA.pU ■ ^AOXXCrCOACCGCATGAAGGAO 

141 0,0,— MI ^ccCACOOCTACGACAtCCCCnCGCCATC 

OCOTCGACCTOCTCGOCOAfflACOT 

Al* rk *A’P l *^* U ° 1 ^ U ^'^^^^^^ ocICCCCAC COTCOOCCACOCCCIO 
..^CAAOCCGAACOAOC^ 

1«» 01ufi»W‘ ?IoA ' s ° OU? '° TAC00 CGtGAACCCCGAGOTCCGCCAC 

GCOCCTGGAGCGACCGGAOCIG p I0 Ol<* v ‘ lol5Bi " 

OCnnCATCGAOCGCCT 0 , oGuLe uT5tGl 7 V.lA»»P'“ 01 

.LFieUeOlPArlUPOluAtlP ^qcGCAAO 

201 A1 ^ 1CGG CATCGCGCAGGCGCrOTGGOCGGGCAA 

0A COtfAT<*C^ 

FIG. 5A 
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*1 rinAltl-« uTrpA ' laGl7Ly ' 

« U!iGlyI leAUGlaA 

<H^‘" MErAU ° ljL * UA11?i ‘ ” ^^co^ccrcc^cnc 

141 _ ! ocro^ACCiocio^^ 

^^OCOOOCCWSTTCrrOOCT „ l . u 01*S.iAU01jTJI 

“ CGC «> 0C0A , lT!AUA UP..T 5 pL.u V aM P UuLe» 0 

*« OITA. •* »*• ^^^AOOATITCOACOOOOTOTOO 

— P '“ AI! rTACCTGATCCTCAAOQAOCGTOCGGCOGCCrTC 

301 AUS.tAUAUSU »* ^^g^QQQicTOGACGAQCTGGCCCGQ 

0-— — 

321 " 

CCCACGGCOGCCGAClw r,^UU»I-.uA.pA , pA>«S«lAU 

341 PI .THtAiPAi^»pow L ‘ u 


O^CCACCTOCTOOOCOCCCOOOOCTOA 

331 A.pHl.L.uUP01TAUA t ,01T.- 


FIG. 5B 
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